; (2) determine the degree of genetic variation within and between certain (primarily southern) African francolins; (3) estimate the evolutionary divergence times of the genus Francolinus and its component taxa; (4) comment on the taxonomic and biogeographical implications of these results; and (5) assess the correlation between species groupings suggested by morphometric, morpho-behavioral, and genetic information for galliforms in general and francolins in particular.
METHODS AND MATERIALS
MtDNA data collection and analysis.--Liver tissue was excised from one specimen of the Japanese Quail and each of the 13 African francolin species (Table 1) and frozen in liquid nitrogen. Tissue from additional specimens of F. africanus and F. levaillantii was collected at sites 400-700 km from the original collection localities (Table 1) Conditions for restriction-endonuclease digestions were those suggested by the suppliers (Amersham International, Boehringer Mannhelm, New England Biolabs). We end-labeled mtDNA fragments with 32p_ dCTP by incubation with the Klenow fragment of DNA polymerase I at 25øC for 10 min to expose additional nucleotides from fragments with blunt ends or 3' overhangs. The fragments were incubated for an additional 10 min after addition of unlabeled DTTP, dATP and dGTP plus 32P-dCTP. The labeled fragments were separated by electrophoresis through 1.2% horizontal agarose gels in 1 x TAE buffer that included 0.05% pyrophosphate. Gels were visualized by autoradiography. Lambda phage DNA digested with HindIII was used as a molecular-weight marker.
We assessed restriction-fragment length polymor- 41 Francolinus species and the 9 other perdicine species mentioned above, we employed the "rnhennig* bb*" tree-searching commands. Although this strategy is not guaranteed to find the tree(s) of minimal length, it constructs several trees, adding terminal taxa in different sequences, and applies branch-swapping to each of the initial trees, saving as many equally-parsimonious trees as the available tree space can hold (Farris 1988). In all analyses of the 13 African Francolinus species, the shortest-possible tree(s) was found by implicit enumeration (Farris 1988). In all analyses that produced multiple equally-parsimonious trees, we cal- We assessed the robustness of trees for the RFLP, morpho-behavioral character, and combined data in three ways. First, the character support of each node leading to at least two taxa in each tree (or the Nelson strict-consensus tree if more than one tree was found) was determined by collapsing that node into a polyfurcation using the "\ \x;" command in "Dos Equismode" within Hennig86. Second, we examined the 
RESULTS
MtDNA results.--A total of 211 distinct restriction fragments was produced by the 14 restriction enzyme digests of francolin and Japanese Quail mtDNAs. Fragment raw data are available from EHH on request. Ninety-nine of these fragments were phylogenetically informative (Table 3 ). (Table 4) sis of morpho-behavioral character data for the 41 Francolinus species and 9 other perdicine taxa "overflowed" after producing 1,232 equallyparsimonious trees. The Nelson strict-consensus tree is shown in Figure lB . A similar analysis restricted to francolins overflowed after producing 1,486 trees (consensus tree in Fig. 1C) . A third morpho-behavioral analysis restricted to the 13 African Francolinus species (from which RFLP data were obtained) produced four trees (consensus tree in Fig. 3A) . Analysis of the 99 phylogenetically informative mtDNA fragments for the Japanese Quail and the 13 Francolinus species produced three equally-parsimonious trees (consensus tree in Fig. 3B ). The analysis of the combined mtDNA and morphobehavioral character data set for the 13 African francolins produced one tree ( Fig. 3C ) with an iMr of 3.5%.
The • values
The FITCH analysis of the genetic-distance results (Fig. 4) Two francolins (F. sephaena and F. nahani) fall outside the major francolin clades, grouping paraphyletically with an assemblage of primarily Indo-Malaysian perdicines (Fig. lB) . RFLP data (Fig. 3B) The two remaining francolin species, hartlaubi and levaillantii, appear to be relatively distantly related to the other francolins studied (• = 6.4-14.9). The remote placement of one of these two "outsiders," F. hartlaubi, is not surprising given that, in many other ways, it is the most divergent francolin included in this study. It is the most distinct francolin morphometrically (Appendix 3), with a Euclidian distance (0.52) to the nearest francolin much greater than the next largest nearest-neighbor distance (0.46) between pairs of francolins. From a morpho-behavioral perspective, it is a basal taxon in the partridge-francolin assemblage (Figs. lB, 1C, and   3A) . Unlike other francolins, it is found in a highly specific habitat (isolated, rocky outcrops surrounded by subdesert steppe) and has an extremely complex, antiphonal advertisement call (Komen 1987 (Fig. 3B) and its apparent genetic affinities to partridgefrancolins (Fig. 4, Table 4 ) were unexpected given that Hall (1963) named her Red-winged Group (Fig. 1A) after the common name of this typical quail-francolin. Nevertheless, the Redwing Francolin's first five genetic nearest neighbors are partridge-francolins (Table 4) Morphometrics and phylogenetics.--Assuming the correctness of the morpho-behavioral phylogenies (Figs. lB and 1C) and the highly congruent phylogeny based on morpho-behavioral and RFLP characters (Fig. 3C) At the genus level, we suggest that the francolins form a relatively homogeneous morphometric assemblage within the Perdicini (Appendix 3). Indeed, the phylogenetically most distinct francolins (e.g. hartlaubi, sephaena, coqui, and lathami) also are the most morphometrically distinct francolins (Appendix 3). However, at the species-group level (=subgenus), the nearest-neighbor morphometric approach had much poorer success in correctly placing skeletons. In our study, 93% of the skeletons from partridge-francolins (e.g. members of 
